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57) ABSTRACT 
An apparatus for detecting a relative displacement of a 
magnetic record medium and a magnetic sensor a 
method for manufacturing the above apparatus are dis 
closed. A magnetization pattern is recorded on the mag 
netic record medium and the relative displacement is 
detected by means of at least two magnetic detectors 
arranged on a common substrate with a given pitch. 
The common substrate is relatively inclined with re 
spect to an arranging direction of the magnetization 
pattern to derive a desired phase difference between 
output signals generated from respective two magnetic 
detectors. The two magnetic detectors are connected 
into a bridge circuit to derive a detection output signal 
representing only the relative displacement without 
being affected by a noise magnetic field. 

8 Claims, 19 Drawing Figures 
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1. 

APPARATUS USING INCLNED SENSOR FOR 
DETECTING RELATIVE DISPLACEMENT 

BACKGROUND OF THE INVENTION 

This invention relates to an apparatus for detecting a 
relative displacement of a magnetic sensor comprising 
at least two magnetoresistive elements (hereinafter ab 
breviated as MR element) and a magnetic record me 
dium having a magnetization pattern recorded thereon 
in a direction of displacement. Such an apparatus can be 
used as a rotary encoder, linear encoder, etc. 

In the displacement detector comprising a plurality of 
MR elements, it has been known to effect a magnetic 
bias for the MR elements. For instance, in Japanese 
Patent Publication No. 37,204/78, it is proposed to ar 
range a MR element on respective sides of an insulating 
layer and to bias magnetically one of the MR elements 
by a magnetic field produced by a driving current pass 
ing through the other MR element and vice versa. 
Hereinafter this type of magnetic biasing is termed as a 
primary mutual bias system. In Japanese Patent Publica 
tion No. 37,205/78, there is disclosed another biasing 
method in which a magnetic field generated by a driv 
ing current passing through one of the MR elements is 
applied to the other MR element and one component of 
the magnetization in the other MR element produces a 
reverse magnetic field which is applied to the one MR 
element as a biasing magnetic field. This type of biasing 
is called a secondary mutual bias system. FIG. 1 shows 
a circuit diagram of a magnetic detector disclosed in the 
above mentioned Japanese Patent Publiation No. 
37,204/78. First and second magnetoresistive elements 
MR1 and MR2 arranged on respective sides of an insu 
lating layer are connected in parallel with each other 
between a constant current source S and the earth po 
tential and junction points between the first and second 
magnetoresistive elements MR1 and MR2 and the con 
stant current source S are connected to inputs of a dif 
ferential amplifier DA to derive a difference between 
voltages V1 and V2 at the junction points. 
Such a magnetic detector of mutual bias type is 

formed by applying, on an insulating substrate, the first 
magnetoresistive element MR1, the insulating layer and 
the second magnetoresistive element MR2 successively. 
In order to produce a stable output signal, it is essential 
that the first and second magnetoresistive elements have 
the same magnetic characteristics. In a typical process 
for manufacturing such a magnetic detector, at first a 
first magnetoresistive film and a conductive film are 
applied on the substrate and then these films are shaped 
into a given pattern by means of a photoetching to form 
the first magnetoresistive element with a given conduc 
tor pattern. Next the insulating layer is applied and 
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further a second magnetoresistive film and a second 55 
conductive film are successively applied on the insulat 
ing layer. Finally, the second magnetoresistive film and 
second conductive film are shaped into a given pattern 
by photoetching to form the second magnetoresistive 
element MR2 with a given conductor pattern. In such a 
manufacturing process, since the first and second mag 
netoresistive elements MR1 and MR2 are formed by the 
different magnetoresistive films, it is rather difficult to 
make various characteristics such as thickness, specific 
resistance, resistance-temperature coefficient and con 
figuration coefficient of the first and second magnetore 
sistive elements equal to each other. Moreover, since 
the first and second magnetoresistive elements are 

65 

2 
formed by separate patterning steps, their dimensions 
are liable to be different from each other. In this man 
ner, in the known magnetic detector, the first and sec 
ond magnetoresistive elements have different magnetic 
characteristics and therefore, an unbalanced output 
voltage might be generated under a zero magnetic field 
and further the output voltage might drift due to tem 
perature variation. 

In case of detecting a rotation angle of a motor by 
means of the magnetic detector, the magnetic detector 
is not only exposed in a magnetic field caused by the 
magnetization pattern, but also exposed in a magnetic 
field caused by the motor. In this case, since it is diffi 
cult to select a signal magnetic field from a noise mag 
netic field, a signal to noise ratio of the output signal is 
decreased and detection accuracy becomes bad. 

SUMMARY OF THE INVENTION 

The present invention has for its object to eliminate 
the drawbacks mentioned above, and to provide a dis 
placement detecting apparatus which can detect a mag 
netic field accurately even if characteristics such as 
thickness, specific resistance, resistance-temperature 
coefficient are varied. 

It is another object of the invention to provide a 
displacement detecting apparatus which can detect a 
signal magnetic field without being affected by a noise 
magnetic field. 
According to the invention, in an apparatus for de 

tecting a relative displacement of a magnetic record 
medium on which a magnetization patternis recorded 
along a displacing direction and a magnetic sensor in 
cluding at least two magnetic detectors for detecting 
the magnetization pattern, each of the magnetic detec 
tors having at least two magnetoresistive elements ar 
ranged one on the other via an insulating layer, the 
improvement in that said at least two magnetic detec 
tors are provided on a common substrate and are shifted 
from one another in a direction substantially perpendic 
ular to the displacing direction, said at least two mag 
netoresistive elements of each magnetic detectors being 
magnetically biased in opposite directions to each other; 
said common substrate is inclined with respect to a 
direction perpendicular to the displacing direction by 
such an angle that output signals from the magnetic 
detectors have a mutual phase difference of about 180; 
and that said at least two magnetic detectors are con 
nected into a bridge circuit to derive an output signal 
representing only the magnetic pattern without being 
influenced by a noise magnetic field. 

It is still another object of the invention to provide a 
method for manufacturing a displacement detecting 
apparatus which can detect a signal magnetic field ef 
fectively. 
According to the invention, a method for manufac 

turing an apparatus for detecting a relative displace 
ment in which a common substrate on which at least 
two magnetic detectors are arranged is relatively in 
clined with respect to an arranging direction of a mag 
netization pattern, comprises steps of, 

securing fixedly said common substrate with respect 
to a magnetic record medium on which a magneti 
zation pattern is to be recorded; 

recording the magnetization pattern on said magnetic 
record medium by means of a recording magnetic 
head rotatably arranged with respect to a direction 
perpendicular to a displacing direction; and 
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rotating said recording magnetic head so as to derive 
a desired phase difference between output signals 
generated from said at least two magnetic detec 
torS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view showing one embodiment 
of a displacing amount detecting apparatus comprising 
known magnetoresistive elements; 
FIG. 2 is a perspective view illustrating one embodi 

ment of a magnetic detector for use in a displacing 
amount detecting apparatus according to the invention; 

FIG. 3 is a cross sectional view depicting the mag 
netic detector shown in FIG. 2; 
FIG. 4 is a schematic view showing one embodiment 

of a connection method of the embodiment illustrated in 
FIG. 2; 

FIG. 5 is a schematic view illustrating one embodi 
ment of an operation characteristic of the embodiment 
shown in FIG. 2; 
FIG. 6 is a schematic view depicting one embodiment 

of an arranging relation between a magnetic detector 
and a magnetization pattern; 

FIG. 7 is a schematic view showing another embodi 
ment of a connection method between the magnetic 
detectors; 
FIG. 8 is a schematic view illustrating another em 

bodiment of the arranging relation between the mag 
netic detector and the magnetization pattern for use in 
the displacing amount detecting apparatus according to 
the invention; 
FIG. 9 is a schematic view depicting another embodi 

ment of a connection method between the magnetic 
detectors for use in the embodiment shown in FIG. 8; 

FIG. 10 is a schematic view showing still another 
embodiment of a connection method between the mag 
netic detectors; 
FIG. 11 is a schematic view illustrating still another 

embodiment of an arranging relation between the mag 
netic detector and magnetization pattern for explaining 
a relation between an inclination angle and an output 
voltage; 
FIGS. 12 and 13 are graphs showing respectively a 

relation between the inclination angle i.e. a phase differ 
ence and the output voltage; 
FIG. 14 is a plan view for explaining a method for 

manufacturing the displacing amount detecting appara 
tus according to the invention; 
FIG. 15 is a schematic cross sectional view for ex 

plaining the manufacturing method shown in FIG. 14; 
and 

FIGS. 16A, 16B, 17A and 17B are schematic views 
for explaining the manufacturing method shown in 
FIG 14. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 2 is a perspective view showing one embodi 
ment of magnetic detectors for use in the displacement 
detecting apparatus according to the invention. For the 
sake of simplicity, an upper insulating layer is omitted 
here. In this embodiment, four MR elements Ral, Ra2, 
Rb1 and Rb2 are arranged and the elements Ral, Rb1 and 
the elements Ra2, Rb2 are respectively manufactured by 
patterning the same MR film. Moreover, the MR ele 
ments Ral, R2 and the MR elements Rb1, Rb2 are ar 
ranged on respective sides of insulating layers INS, and 
these elements are formed on an insulating substrate S. 
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4 
FIG. 3 is a cross sectional view showing one embodi 

ment of a magnetic detector according to the invention. 
As shown in FIG. 3, a conductive layer C is connected 
to the lower MR element R2 formed on the insulating 
substrate S via a through-hole pierced in the insulating 
layers INS, INS2 and the MR element Ral, and a con 
ductive layer C2 is connected to the upper MR element 
Ra1 via a through-hole pierced in the insulating layer 
INS2. 
As shown in FIG. 4, the MR elements Rai, R2, Rh 

and Rb2 construct a bridge circuit. That is to say, one 
ends of the MR elements Rb, Rb2 are commonly con 
nected to a positive terminal of a voltage source E, and 
the other end of the MR element Rb1 is connected to 
one end of the MR element R. Moreover, the other 
end of the MR element Rb2 is connected to one end of 
the MR element R2, and the other ends of the MR 
elements Rai, Ra2 are commonly connected to a nega 
tive terminal of the voltage source E. Further, a junc 
tion point between the MR elements Rai and Rb1 is 
connected to a positive input terminal of a differential 
amplifier DA, and also a junction point between the 
MR elements Ra2 and Rb2 is connected to a negative 
input terminal of the differential amplifier DA. There 
fore, a current respectively flows through the MR ele 
ments Ral, R2, Rb1, Rb2 in a direction shown by an 
arrow in FIG. 4, and thus these MR elements are mutu 
ally biased in a magnetic manner. In this embodiment, 
since the secondary biasing effect is large, each MR 
element is magnetically biased as shown in FIG. 4. That 
is to say, the MR elements R1 and Rb1 are subjected to 
a biasing magnetic field -H, directing upwards with 
respect to the plane of the drawing, while the MR ele 
ments R2 and Rb2 are subjected to a biasing magnetic 
field -H, directing downwards with respect to the 
plane of the drawing. 
Due to the magnetic biasing mentioned above, oper 

ating characteristics of the MR elements Rai, Rb1 and 
R2, Rb2 become symmetrical as shown in FIG. 5. In 
FIG. 5, a curve A shows the operating characteristic of 
the MR elements Ral, Rb1, and thus if an input magnetic 
field I is applied to the MR elements Ral, Rb1, the resis 
tivity R is varied as shown by a curve R4. In the same 
manner, a curve B shows the operating characteristic of 
the MR elements R2, Rb2, and thus the resistivity R is 
varied as shown by a curve RB corresponding to the 
input magnetic filed I. 
According to the invention, the two magnetic detec 

tors are arranged to be inclined as shown in FIG. 6 by 
an angle 6 with respect to a direction perpendicular to 
a displacing direction D of a record medium M on 
which a magnetization pattern is recorded. The inclina 
tion angle 0 is so selected that a phase difference be 
tween two pairs of MR elements Ral, R2 and Rb1, Rb2 
becomes substantially 180 with respect to a pitch of the 
magnetization pattern. 

In the present embodiment, a direction of magnetic 
field applied to one pair of MR elements Rai, Ra2be 
comes always reverse with respect to that of a magnetic 
field applied to the other pair of MR elements Rb1, Rb2. 
Contrary to this, a magnetic field caused by a noise is 
generally applied in the same direction to both pairs of 
MR elements Rai, Ra2 and Rb1, Rb2. Therefore, it is 
possible to eliminate a noise component due to the noise 
magnetic field, and thus only a signal component due to 
the magnetization pattern can be derived from the dif 
ferential amplifier DA. Moreover, since the selectivity 
between the signal magnetic field and the noise mag 
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netic field becomes higher, an output signal having high 
S/N characteristic can be obtained, and thus the detec 
tion accuracy of the displacing amount detecting appa 
ratus can be extremely higher. 
Now, an unbalanced output of the magnetic detectors 5 

will be considered. It is assumed that a specific resis 
tance as a function of temperature T of the first mag 
netoresistive film constituting the first and second MR 
elements Rai and Rb1 is p(T), a thickness of the first 
magnetoresistive film is t1, a specific resistance as a 
function of temperature of a second magnetoresistive 
film forming the MR elements Ra2 and Rb2 is p2(T), a 
thickness of the second magnetoresistive film is t2, a 
pattern configuration coefficient (i.e. length/width) of 
the MR elements Ra1 and Ra2 is k1 and a pattern configu- 15 
ration coefficient of the MR elements Rb1 and Rh2 is k2. 
Then, resistance values R1 to R4 of the MR elements 
Ral, Rb1, Ra2, Rb2 may be expressed as follows. 

10 

Then, the unbalanced output voltage AV under no mag 
netic field to be detected can be represented by the 
following equation, wherein Vs is a voltage of the volt 
age source E. 30 

AV = V - V. 

R1 
R - R - V P. R. R. : 

35 

V. p(T) ... ki/t - 
p1(T) ... ki/ti + p1(T). k2/t 

From the above equation, it can be concluded that even 
if p 1(T):7-p2(T), t157-t2 and k157-k2, the unbalanced volt 
age AV becomes always zero and therefore, the detec 
tion can be performed precisely without being affected 
by off-set and temperature-dependent drift. 
FIG. 7 shows another embodiment of the magnetic 

detectors for use in the displacement detecting appara 
tus according to the invention. Also in the present em 
bodiment, two magnetic detectors respectively consist 
ing of the MR elements Rai, Ra2 and Rb1, Rb2 are ar 
ranged on the same substrate and the substrate is in 
clined by the angle 6 with respect to the direction per 
pendicular to the displacing direction of the magnetic 
pattern. However, the connection method between the 
MR elements is different from the embodiment men 
tioned above. That is to say, one ends of the MR ele 
ments Ra1 and Rb1 are commonly connected to a posi 
tive terminal of the voltage source E and the other ends 
of them are respectively connected to one ends of the 
MR elements R2 and Rb2 whose other ends are com- 65 
monly connected to a negative terminal of the voltage 
source E. Moreover, a junction point between the MR 
elements Ral and Ra2 is connected to a positive input 

W . 

45 

50 

55 

6 
terminal of a differential amplifier DA and also a junc 
tion point between the MR elements Rb1 and Rb2 is 
connected to a negative input terminal of the differen 
tial amplifier DA. Also in this embodiment, a current 
flows through each MR element in an arrow direction, 
and thus each MR element is biased magnetically as 
shown in FIG. 7 due to the secondary bias effect. Since 
the secondary magnetic biasing is the same as that 
shown in FIG. 4, the noise magnetic field is eliminated 
from the differential output and thus only the output 
signal due to the magnetization pattern can be derived 
from the differential amplifier DA. In this case, the 
unbalanced output voltage AV is expressed as follows. 

- - - - - 
R - Rs. TR2 - R4 

In case of measuring not only the displacing amount 
but also the displacing direction by the displacement 
detecting apparatus, it is necessary to use two signals 
having a phase difference of 90. FIG. 8 shows one 
embodiment of the displacement detecting apparatus in 
which two units each having two pairs of magnetic 
detectors mentioned above are arranged on the same 
substrate S and the substrate S is inclined by an angle 6 
with respect to a direction perpendicular to a displacing 
direction D of a record medium M on which the mag 
netization pattern is recorded. In this embodiment, four 
magnetic detectors Ug to Ud are arranged on the sub 
strate S, and the magnetic detectors Ua and Uc construct 
one magnetic unit, while the magnetic detectors Uband 
Ud constitute the other magnetic unit. Therefore, the 
inclination angle 6 is so determined that the phase dif 
ference between the magnetic detectors Ua and Uebe 
comes substantially 180' and also the phase difference 
between the magnetic detectors Ub and Ud becomes 
substantially 180". Since these four magnetic detectors 
are separated equidistantly from each other, the phase 
difference of the outputs supplied from the two mag 
netic detectors becomes 90. 
FIG, 9 shows one embodiment of a connection 

method between MR elements Ral, Ra2; Rb1, Rb2; Rc1, 
Rc2; Rd1, R2 which construct four magnetic detectors 
U to Ud. In this embodiment, one ends of first MR 
elements Ral, Rb1, Rel, Rd1 of each magnetic detector 
are commonly connected to a positive terminal of a 
voltage source E, and the other ends of the first MR 
elements are connected to one ends of second MR ele 
ments Ra2, Rb2, Rc2, R2, respectively. Further, the 
other end of the second MR elements are commonly 
connected to a negative terminal of the voltage source 
E. In this manner, a current flows through each MR 
element in the same direction as shown by the arrow in 
FIG. 9, so that due to the secondary mutual biasing the 
MR elements Ral, Rb1, Rc1, Rd1 are subjected to a bias 
ing magnetic field --Hb directing upwards with respect 
to the plane of the drawing and the MR elements Ra2, 
Rb2, R2, R2 are subjected to a biasing magnetic field 
-Hb directing downwards with respect to the plane of 
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the drawing. Therefore, when the junction point be 
tween the MR elements Raj and Ra2 is connected to a 
positive input terminal of a first differential amplifier 
DA1 and the junction point between the MR elements 
Re1 and Rc2 is connected to a negative terminal of the 
first differential amplifier DA, an A-phase output sig 
nal representing only the magnetic field caused by the 
magnetic pattern can be derived from the first differen 
tial amplifier DA1 without being affected by the noise 
magnetic field. In the same manner, when the junction 
points between the MR elements Rb1 and Rb2 and be 
tween the MR elements Rd1 and Rd2 are respectively 
connected to the positive and the negative input termi 
nals of a second differential amplifier DA2, and B-phase 
output signal can be derived from the second differen 
tial amplifier DA2 without being affected by the noise 
magnetic field. In this case, since the phase difference 
between these A-phase and B-phase output signals be 
comes 90, it is possible to detect not only the displacing 
amount but also the displacing direction. Moreover, 
since the eight MR elements can be formed by pattern 
ing the two magnetoresistive films at same time, the 
unbalanced output voltages AV are not generated even 
if the film thickness, the temperature characteristics and 
the configuration coefficient are varied. 
FIG. 10 shows another embodiment of the displace 

ment detecting apparatus according to the invention, in 
which only the manner of connecting eight MR ele 
ments is different from the embodiment illustrated in 
FIG. 8. In the present embodiment, a voltage source E 
and each of the MR elements are connected into bridges 
as shown in FIG. 10, and a current flows through the 
MR elements in directions shown by arrows. Therefore, 
due to the secondary mutual biasing caused by the cur 
rent, the MR elements are magnetically biased as shown 
in FIG. 10. In this embodiment, the operation of the 
displacing amount detecting apparatus is the same as 
that of the previous embodiment, and thus it is possible 
to derive the output signals of the A-phase and the 
B-phase having a phase difference of about 90 due to 
the magnetization pattern. It should be noted that the 
output signals are not affected by the noise magnetic 
field applied to the magnetic sensors in the same phase. 
Moreover, the unbalanced output voltage AV due to 
the differences in the thickness, temperature character 
istics, and configuration coefficient becomes zero. In 
this manner, it is possible to effect the accurate displac 
ing amount detection. Further in this embodiment, it is 
easy to form the conductor patterns of the MR elements 
on the substrate. 
According to the invention, it is necessary to incline 

the substrate with respect to a direction perpendicular 
to the displacing direction, and thus this inclination 
angle will be further discussed here. 

FIG. 11 is a schematic view showing positional rela 
tions between the magnetization pattern recorded on a 
record medium M and magnetic detectors a, b. In this 
embodiment, it is assumed that a pitch between two 
magnetic detectors a and b is l, a length of each mag 
netic detector is lo, a pitch of the magnetization pattern 
is P and an inclination angle is 6. Then, a phase differ 
ence d (radian) between magnetic fields applied to the 
magnetic detectors a and b can be represented as fol 
lows. " 

2T . 
= - sin 8 (1) 
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Hereinafter, the explanation will be effected by using 
the phase differenced instead of the inclination angle 6. 
If it is assumed that an output influence of each mag 
netic detector caused by inclining the magnetic detector 
with respect to the magnetization pattern is f(d), the 
output influence f(d) is expressed as follows. 

(2) 

Moreover, an influence g(db) upon the differential out 
put voltage caused by the phase difference d is de 
scribed as follows. 

g(l) = (P - ?)--sini- (3) 
Therefore, a relation between the inclination angle and 
the output voltage is obtained as follows. 

F = f(d) g(d) (4) 

As shown in FIG. 6, in case of arranging two mag 
netic detectors very close to each other, it is possible to 
assume l =lo, and thus the above equation (4) may be 
further expressed as follows. 

i.29 (5) S1- - - 
F = T2 

2 

1 - cos di 

This relation is illustrated in FIG. 12. Moreover, in case 
of l=2lo as shown in FIG. 8, the equation (4) may be 
further expressed as follows. 

(6) 

This relation is shown in FIG. 13. In the graphs illus 
trated in FIGS. 12 and 13, an abscissa shows the phase 
differenced and the corresponding inclination angle 6, 
and an ordinate shows a relative output. In case that the 
magnetic detectors are inclined so as to achieve the 
phase difference d = 180°, the output of the embodiment 
shown in FIG. 8 is larger than that of the embodiment 
illustrated in FIG. 6. Therefore, it is preferable to make 
the value l/lo large, but even in the embodiment shown 
in FIG. 6 it is possible to obtain an output whose magni 
tude represents about 90 percent of a maximum output 
value. Moreover, the inclination angle 8 shown in 
FIGS. 12 and 13 are calculated for a rotary encoder 
having an MR element whose length lois 1.4 mm and a 
magnetic drum with a diameter of 20 mm along which 
a thousand magnetization patterns are recorded. In this 
case, the pitch P of the magnetization pattern is ex 
pressed as follows. 
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P = 1 X Diameter of magnetic drum 
- Number of patterns (N) 

(7) 

If the pitch P is substituted for the equation (1), the 
following equation is obtained. 

(8) --2, Nil d = -c, ... sin 6 

From the above equation, the inclination angle 6 is 
described as follows. 

d : db. 
2. N. l. 

(9) 8 = sin 

FIGS. 12 and 13 show the value of the inclination angle 
6 calculated in accordance with the above equation (9). 
As clearly illustrated from FIGS. 12 and 13, the incli 

nation angle 6 becomes an extremely small value such 
as 1.286 in the embodiment shown in FIG. 6 and 0.643 
in the embodiment illustrated in FIG. 8. Actually, it is 
very difficult to adjust the inclination angle 6 to such an 
extremely small value, so that it is necessary to effect a 
troublesome adjustment. In addition, if an accurate 
adjusting mechanism is arranged one by one for each 
displacing amount detecting apparatus, the apparatus 
becomes expensive. 

Next, the explanation will be made to the method for 
manufacturing the displacing amount detecting appara 
tus in which the substrate can be inclined by a desired 
small angle in an easy and fast manner with respect to 
the magnetization pattern and further it is not necessary 
to arrange the expensive adjusting mechanism for each 
displacing amount detecting apparatus. 
FIGS. 14 and 15 are plan and cross sectional views 

showing one embodiment of the device for carrying out 
the method of manufacturing the displacing amount 
detecting apparatus according to the invention in which 
use is made of a magnetic drum as a magnetic record 
medium, and a rotating direction and a rotation amount 
of the magnetic drum are to be detected. In the present 
embodiment, a magnetic drum 41 is secured to a shaft 44 
which is rotatably supported by a supporting member 
42 having substantially a cylindrical shape via a bearing 
43. A common substrate 45 on which magnetic detec 
tors are arranged is secured to the supporting member 
42 through a supporting plate 46. In FIGS. 14 and 15, 
the magnetic detectors are not shown, but actually these 
detectors are arranged on the common substrate 45 in 
parallel with the plane of the drawing of FIG. 15. More 
over, the common substrate 45 is secured to the sup 
porting plate 46 and the supporting plate 46 is fixed to 
the supporting member 42 by means of screws. Since 
the common substrate 45 is secured to the supporting 
member 42, the common substrate 45 is fixedly arranged 
with respect to the magnetic drum 41. The shaft 44 is 
connected to a motor 47, and a rotary encoder 48 is 
connected to the motor 47. 

Further, a magnetic head 49 for recording the mag 
netization pattern on the drum 41 is arranged rotatably 
with respect to the magnetic drum 41. The recording 
magnetic head 49 is connected to a rotation stage 51 
through an arm 50 so as to be rotated about an axis x-x. 
An output of the rotary encoder 48 is supplied to a pulse 
generator 52 so as to generate pulses which are synchro 
nized completely with a rotation of the shaft 44 i.e. the 
magnetic drum 41. The thus generated pulses are sup 
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10 
plied to the magnetic head 49 so as to record the mag 
netization pattern on the magnetic drum 41. In this case, 
the encoder 48 and the pulse generator 52 are suitably 
adjusted so as to record a thousand pulses equidistantly 
on a circumference surface of the magnetic drum 41. 
Now, if it is assumed that a gap of the magnetic head 

49 is arranged in parallel with the shaft 44 as shown in 
FIG. 16A, the magnetization pattern is recorded on the 
circumference surface of the magnetic drum 41 in a 
direction perpendicular to the displacing direction A as 
shown in FIG. 16B. Further, if the rotation stage 51 is 
rotated by an angle a, the gap of the magnetic head 49 
is inclined by the angle a with respect to the shaft 44 as 
shown in FIG. 17A. In this case, the magnetization 
pattern which is inclined by the angle a with respect to 
the direction perpendicular to the displacing direction 
A as shown in FIG. 17B. Therefore, if output signals 
generated from two magnetic detectors arranged on the 
common substrate 45 are displayed on a monitor 53 as 
shown in FIG. 15 and the magnetization pattern is re 
corded on the magnetic drum 41 by rotating the rota 
tion stage 51 so as to make the phase difference d be 
tween two output signals to a desired value, the magnet 
ization pattern can be inclined by a desired angle 6 with 
respect to the common substrate 45. In this case, it is 
possible to record new magnetization pattern on the 
previously recorded magnetization pattern by means of 
the magnetic head 49, but it is preferable to erase the 
previously recorded magnetization pattern by means of 
an erasing magnetic head 54 as shown by a dot and dash 
line in FIG. 14 or by using the magnetic head 54 49 as 
the erasing head before recording the magnetization 
pattern. 
According to the manufacturing method mentioned 

above, since the common substrate 45 on which the 
magnetic detectors are provided is fixedly arranged 
with respect to the magnetic drum 41 and the magnetic 
head 49 for recording the magnetization pattern is in 
clined with respect to the magnetic drum 41, it is possi 
ble to incline the magnetization pattern by a predeter 
mined small angle in an easy and rapid manner with 
respect to the common substrate. Moreover, since the 
rotation stage 51 for rotatably supporting the magnetic 
head 49 can be commonly used for a number of the 
displacing amount detecting apparatuses, the magneti 
zation patterning can be performed in an inexpensive 
manner. In the embodiment shown in FIG. 15, the rota 
tion stage 51 is manually rotated by watching the wave 
forms of the two output signals displayed on the moni 
tor 53, but it is possible to provide a servo loop for 
automatically rotating the rotation stage 51 in such a 
manner that the phase difference between the two out 
put signals is made to a desired value. 
The present invention is not limited to the embodi 

ments mentioned above, but various modifications are 
possible. For example, in the embodiments mentioned 
above, the magnetic biasing is effected by utilizing the 
secondary mutual biasing effect, but it is also possible to 
use the primary mutual biasing effect. In addition, it is 
not always necessary to utilize the mutual biasing effect. 
In this case, it is possible to arrange a conductive film 
for each magnetic detectors and to flow a current 
through the conductive film so as to generate the bias 
ing magnetic field. Moreover, the magnetoresistive 
elements are arranged in such a manner that a film sur 
face of the magnetoresistive element becomes vertical 
with respect to the recording medium on which the 
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magnetization pattern is recorded, but it is possible to 
arrange the film surface in parallel with the recording 
medium. Furthermore, in the embodiments mentioned 
above, it is also possible to reverse the polarity of the 
voltage source. 
What is claimed is: 
1. An apparatus for detecting a relative displacement 

of a magnetic record medium on which a magnetization 
pattern is recorded along a displacing direction, said 
pattern being in the form of a plurality of successive 
magnetized areas, each area extending in a first direc 
tion, said apparatus comprising 
a common substrate having a flat surface which is 

arranged such that it is inclined by an angle with 
respect to said first direction of said areas of said 
magnetization pattern; 

at least two magnetic detectors arranged on said flat 
surface at positions which are shifted in said first 
direction, each of said magnetic detectors compris 
ing at least two magnetoresistive elements and at 
least one insulating layer arranged between the 
magnetoresistive elements; 

means for magnetically biasing said at least two mag 
netoresistive elements of each magnetic detector in 
opposite directions; 

means for connecting said at least two magnetoresis 
tive elements of each of said detectors into at least 
one bridge circuit having first and second input 
terminals and first and second output terminals, 
said first and second input terminals being connect 
able to an electric power source; and 

at least one differential amplifier having first and 
second input terminals connected to said first and 
second output terminals of said at least one bridge 
circuit; 

the angle by which said flat surface is inclined with 
respect to said first direction being set such that 
output signals appearing at said first and second 
output terminals of the bridge circuit have a phase 
difference of about 180 with respect to a pitch of 
the magnetization pattern. 

2. An apparatus according to claim 1, wherein said 
substrate on which at least two magnetic detectors are 
provided is arranged in a second direction perpendicu 
lar to the displacing direction and the first direction of 
said areas of said magnetization pattern is inclined with 
respect to the second direction perpendicular to the 
displacing direction. 

3. An apparatus according to claim 1, wherein said 
common substrate on which at least two magnetic de 
tectors are provided is inclined with respect to a second 
direction perpendicular to the displacing direction and 
the first direction of said areas of said magnetization 
pattern is arranged in said direction perpendicular to the 
displacing direction. 
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4. An apparatus according to claim 1, wherein there 

are provided first and second magnetic detectors re 
spectively having first and second and third and fourth 
magnetoresistive elements which are so arranged on 
said common substrate that a phase difference betwen 
output signals generated from said first and second 
magnetic detectors is substantially 180°. 

5. An apparatus according to claim 4, wherein said 
first and third and second and fourth magnetoresistive 
elements are respectively connected in series with each 
other between positive and negative terminals of a volt 
age source, and a junction point between said first and 
third magnetoresistive elements and a junction point 
between said second and fourth magnetoresistive ele 
ments are respectively connected to positive and nega 
tive inputs of a differential amplifier to generate the 
output signal. 

6. An apparatus according to claim 4, wherein said 
first and second and third and fourth magnetoresistive 
elements are respectively connected in series with each 
other between positive and negative terminals of a volt 
age source, and a junction point between said first and 
second magnetoresistive elements and a junction point 
between said third and fourth magnetoresistive ele 
ments are respectively connected to positive and nega 
tive inputs of a differential amplifier to generate the 
output signal. 

7. An apparatus according to claim 1, wherein there 
are provided first, second, third and fourth magnetic 
detectors respectively having first and second; third and 
fourth; fifth and sixth; and seventh and eighth mag 
netoresistive elements which are so arranged on said 
common substrate that a phase difference between out 
put signals generated from said first and third magnetic 
detectors and a phase difference between output signals 
generated from said second and fourth magnetic detec 
tors are substantially 180. 

8. An apparatus according to claim 7, wherein said 
first and second; third and fourth; fifth and sixth; and 
seventh and eighth magnetoresistive elements are re 
spectively connected in series with each other between 
positive and negative terminals of a voltage source, a 
junction point between said first and second magnetore 
sistive elements and a junction point between said fifth 
and sixth magnetoresistive elements are respectively 
connected to positive and negative inputs of a first dif 
ferential amplifier to generate a first detection output 
signal, and a junction point between said third and 
fourth magnetoresistive elements and a junction point 
between said seventh and eighth magnetoresistive ele 
ments are respectively connected to positive and nega 
tive inputs of a second differential amplifier to generate 
a second detection output signal, a phase difference 
between these first and second detection output signals 
being substantially 90'. 
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